IMPORTANCE Trauma is the leading cause of potential years of life lost before age 65 years in the United States. Timely care in a designated trauma center has been shown to reduce mortality by 25%. However, many severely injured patients are not transferred to trauma centers after initially being seen at non-trauma center emergency departments (EDs).
rect transport from the scene of injury to a designated trauma center is optimal, patients who are taken to non-trauma center emergency departments (EDs) and who are then transferred in a timely fashion to trauma centers have reduced mortality compared with those who are hospitalized at the non-trauma center. 4, 5 Regionalized trauma systems have been developed during the past 3 decades to optimize population-level outcomes by facilitating the direct transport or transfer of patients with severe injuries to designated trauma centers. 6, 7 Despite the development of trauma systems, between 30% and 50% of patients with major injuries are still hospitalized in non-trauma centers [8] [9] [10] and may not receive optimal care. Even with correct application of emergency medical services field triage guidelines, at least 15% of severely injured patients will be undertriaged and transported to a non-trauma center. 11 In addition, 16% of Americans lack geographic access to a trauma center within 60 minutes by emergency medical services transport. 12 For these patients, transfer from a non-trauma center ED after stabilization represents another opportunity to ensure that severely injured patients get optimal care for their injuries. 4, 5 The factors associated with the disposition of severely injured patients initially seen at non-trauma center EDs in terms of hospitalization in the center vs transfer to a higher level of care are not well characterized. Previous studies [13] [14] [15] examining the transfer of trauma patients to multiple trauma centers only examine transfers from lower-level trauma centers to higher-level trauma centers. These studies provide a limited picture because non-trauma centers, which were not included in these studies, account for 75% of US hospitals. 16 Until recently, a major barrier to examining trauma transfer patterns has been a dearth of national data sources that include trauma encounters in non-trauma center EDs because these EDs are not typically included in trauma registries. 17, 18 We analyzed the 2009 Nationwide Emergency Department Sample (NEDS) from the Healthcare Cost and Utilization Project, Agency for Healthcare Research and Quality, to determine patient-level and hospital-level factors associated with the decision to admit severely injured trauma patients rather than transfer them to a higher level of care. We hypothesized that insured patients would be more likely to be admitted to non-trauma centers than transferred to a higher level of care because of greater perceived reimbursement potential. Better understanding the patient and system factors associated with the decision to transfer will help to develop interventions to further optimize trauma systems and may provide insights for improving regionalized emergency care for other time-sensitive conditions.
Methods

Study Design
This study was deemed exempt from review by the Stanford School of Medicine Institutional Review Board because it involved the analysis of publicly available, existing data without identifiable private information. We performed a retrospective analysis of the 2009 NEDS to determine which patientlevel and hospital-level factors are associated with the decision to admit rather than transfer patients having major injuries in non-trauma center EDs in the United States. The NEDS is the largest all-payer ED database in the United States, capturing ED encounters that result in discharge or transfer and ED encounters that result in admission to the same hospital. 17 vides an ISS calculated from each patient's injury diagnosis codes. The ISS is a validated anatomical scoring system that provides a measure of the overall severity of injury for patients with multiple injuries. 22 We excluded patients who did not have a NEDS ISS. We also excluded patients who had a primary payer listed as "no charge." Finally, we excluded encounters that resulted in leaving against medical advice, discharge to home, transfer to skilled nursing care or home health care, or death in the ED.
Outcome Measures
The primary outcome of interest was inpatient admission to the non-trauma center vs transfer to another acute care facility according to primary payer status, including self-pay, Medicaid, Medicare, private insurance, and other commercial insurance (typically automobile or workers' compensation insurance). Based on previous studies 4, [13] [14] [15] and because of the regulation of the Emergency Medical Treatment and Labor Act (EMTALA) requiring that transfers out of the ED must go to a higher level of care, we assumed that all transfers of severely injured patients out of non-trauma centers would go to trauma centers.
Statistical Analysis
All statistical analyses used the NEDS sampling strata and discharge weights to produce nationally weighted patient-level estimates and standard errors that account for clustering of patients among hospitals. We tabulated baseline characteristics by primary payer status. We then tabulated the primary out- The mean patient age was 44 years, and the mean ISS was 19. Most patients were privately insured (43.3%), followed by those who were uninsured (20.6%), those covered by Medicaid (15.1%), those covered by Medicare (11.6%), and those with other commercial insurance (9.3%) ( Table 1) . Most patients lived in metropolitan areas (72.7%) and had severe head and neck injuries (70.1%). Falls were the most common cause of injury (35.8%), followed by motor vehicle crashes (25.4%). Uninsured patients tended to be younger but did not have major clinical differences compared with the overall population of insured patients ( Table 2 ). Among patients with insurance, those covered by Medicare (most of whom qualify because of disability) had a higher incidence of falls and severe head and neck injuries.
In unadjusted analysis, patients who were admitted rather than transferred were more likely to be older, have insurance, be injured as a result of a fall, and have a severe injury to the chest or abdomen ( Table 3) . These patients were more likely to be treated on a weekday, in higher-volume EDs, and in metropolitan teaching hospitals located in the Northeast, South, and West.
After adjustment with multivariate regression, many of these factors remained associated with increased risk of ad- mission compared with transfer ( Table 4) . Compared with patients who were uninsured, those who were covered by Medicaid had a rate of admission vs transfer that was 14.3% (95% CI, 9.2%-19.4%) higher. The absolute risk of admission vs transfer was also higher among patients with other types of insurance compared with patients without insurance: these values were 13.2% (95% CI, 7.5%-18.9%) for Medicare, 11.2% (95% CI, 6.9%-15.4%) for private insurance, and 13.1% (95% CI, 6.6%-19.6%) for other commercial insurance (Table 4 and the Figure) . After multivariate analysis, clinical characteristics associated with increased risk of admission vs transfer were older age (≥35 years) and severe injury to the abdomen (Table 4) . Whereas patients with severe injury to the abdomen were admitted 15.9% (95% CI, 9.4%-22.3%) more often, patients with severe injuries to the head and neck were transferred 13.2% (95% CI, 6.6%-19.7%) more often.
Higher annual ED visit volume and teaching status also remained independently associated with a greater risk of admission vs transfer. The risk of admission vs transfer was most strongly predicted by whether the hospital ED was a teaching hospital. Compared with metropolitan non-teaching hospitals, the risk of admission rather than transfer was 26.2% (95% CI, 15.2%-37.2%) higher if a severely injured patient was initially seen at a metropolitan teaching hospital. Conversely, the risk of admission was 20.4% (95% CI, 9.8%-31.1%) less if a patient was initially seen at a rural hospital rather than a metropolitan non-teaching hospital (Table 4 and the Figure) .
Discussion
Despite adjustment for patient-level, injury-level, and hospitallevel characteristics, insured patients and those with initial care Research Original Investigation Severely Injured Patients at Non-Trauma Center EDs in higher-volume urban teaching hospitals had a significantly increased risk of hospitalization in a non-trauma center rather than transfer to a potentially higher level of care. Severely injured trauma patients require a broad spectrum of diagnostic, critical care, and surgical services to optimize outcomes. Therefore, regionalized trauma systems were established beginning in the 1980s to facilitate the field triage and interhospital transfer of severely injured trauma patients to designated trauma centers. 23 Given that patients hospitalized in non-trauma centers have worse outcomes than those transferred to trauma centers, 3-6 our findings suggest that insured patients may receive worse care. While unmeasured patient preferences may partially explain this phenomenon, our findings raise the possibility that insured patients are disproportionately being kept at non-trauma centers because of better reimbursement potential compared with uninsured patients. The first studies examining the association between insurance status and interhospital transfer in the 1980s documented the phenomenon of "dumping" uninsured patients on publicly owned tertiary hospitals.
24-26 Many of these patients were transferred without any stabilizing treatment. 25, 26 In response to concerns about patient dumping, Congress in 1986 enacted the EMTALA. 27 This law imposes specific obligations on hospitals that offer emergency services to provide a medical screening examination for patients initially seen at EDs regardless of an individual's ability to pay. Hospitals are then required to provide stabilizing treatment for patients found to have an emergent condition. According to the EMTALA, if a hospital is unable to stabilize or treat a patient within its capability or if the patient requests, an appropriate transfer should be implemented.
27
Our study is the first to date to use national ED data to show that severely injured patients initially seen at non-trauma center EDs who are uninsured are more likely to be appropriately transferred, whereas patients who are insured are more likely to hospitalized in the non-trauma center. Previous research on this phenomenon has been limited because of a lack of data from non-trauma centers, which account for more than 75% of the hospitals in the United States. 16 Three previous studies [13] [14] [15] examining trauma registry data found that patients who had noncommercial insurance or who were uninsured were more likely to be transferred from lower-level trauma centers (level III) to tertiary care trauma centers (level I or II). Level III trauma centers have transfer agreements with level I and II trauma centers for patients with exceptionally severe injuries. Level III trauma centers do not have the full availability of surgical subspecialists as level I and II trauma centers but have the resources for emergency resuscitation, surgery, and intensive care for most trauma patients. 16 Therefore, our findings demonstrating disparities in transfer patterns of severely injured patients by insurance status who are initially seen at non-trauma center EDs are even more concerning because these hospitals do not have the critical care trauma resources that level III trauma centers have. While the focus with the implementation of the EMTALA has been to ensure that uninsured patients are not dumped on tertiary care public hospitals, our findings suggest that additional policies are needed to ensure that critically injured insured patients are not inappropriately retained in nontrauma centers rather than transferred to a higher level of care. a Adjusted absolute risk differences were calculated using the difference in adjusted probabilities of the outcome for each variable in the multivariate logistic regression. This is also known as calculating average marginal effects. The model was also adjusted for month of presentation (data not shown). The adjusted probabilities of admission rather than transfer according to primary insurance and hospital type are highlighted in the Figure. This is especially necessary when regionalized care for critically ill patients with certain conditions, including trauma, has been demonstrated to improve outcomes. The need to ensure an appropriate level of care extends beyond trauma patients. For example, transfer of low-birth-weight infants to highvolume neonatal intensive care units has been shown to improve outcomes, but infants covered by insurance are less likely to be transferred.
28-30
A subset of critically ill or injured patients likely exists whom physicians at non-trauma centers are willing to admit to their hospital. However, if it is found that a patient is uninsured, with a low likelihood of recouping the costs of providing intensive care, this may tip the scale to transfer the patient.
31,32 Likewise, transferring rather than not transferring insured patients is associated with financial loss for the transferring hospital. 33 Therefore, policies that allow the sharing of reimbursement between the transferring hospital and the receiving hospital may be a solution to neutralizing the financial conflict of interest for transferring hospitals. 34 Such policies have been proposed for the regionalization of out-of-hospital cardiac arrest. 35 To facilitate this, reimbursement policies and quality measurement activities need to view the care of an emergency condition originating at one hospital and followed by transfer to another hospital as a single "episode of care" rather than separate health care encounters. [36] [37] [38] This would better allow regional acute care systems such as trauma systems to reduce disparities in transfer patterns by insurance status and to ensure that patients are being optimally regionalized. Some privately insured patients may not want to be transferred to a trauma center given that many trauma centers are publicly owned and located in inner-city areas. However, while a paucity of literature exists on qualitative factors behind interhospital transfer decisions for trauma, preference has not been shown to be an important factor, at least in the medical literature. 31, 32 Finding that patients do not want to be transferred to a trauma center would highlight the importance of the efforts of the Centers for Disease Control and Prevention 39 to educate the public about the survival benefit of trauma center care. Given the scarcity of neurosurgeons who take call for trauma, 40,41 it is not surprising that patients with severe head injuries were much more likely to be transferred out of nontrauma centers than those without severe head injuries. However, it is surprising that patients with severe injuries to the chest or abdomen were more likely to be admitted to the nontrauma center rather than be transferred. While general surgeons can manage most of these injuries, those who work at non-trauma centers are likely to have less experience with managing these complex conditions than general surgeons who work at trauma centers and are trained in trauma resuscitation. 42 We also found that presentation to higher-volume, teaching hospitals located in metropolitan areas was significantly associated with a greater likelihood of being admitted rather than transferred among insured patients. While these hospitals are more likely to have several surgical specialists and intensive care resources, processes of care for trauma patients are not likely to be in place compared with designated trauma centers. 42 Furthermore, a landmark 2006 national study 3 comparing the outcomes of patients treated in level I trauma centers vs in highvolume non-trauma centers found a 25% relative reduction in mortality among patients hospitalized in trauma centers. This analysis has several limitations. First, because of the limitations of administrative data among patients who had a disposition of transfer to another care facility from the ED of a non-trauma center, we cannot determine what type of hospital patients were actually transferred to. Based on the EMTALA and previous studies, 4, [13] [14] [15] we assumed that severely injured patients treated in non-trauma center EDs who were transferred would be transferred to a higher level of care and would almost exclusively go to designated trauma centers rather than to another non-trauma center. Second, we were unable to determine the proximity of trauma centers to indi- National average = 54.5%
A, Adjusted probability of admission to the non-trauma center according to a patient's insurance type. B, Adjusted probability of admission to the non-trauma center according to the type of hospital where a patient was initially seen. These adjusted probabilities were calculated using the estimates of the multivariate logistic regression model summarized in Table 3 . Error bars represent 95% CIs. Metro indicates Metropolitan Statistical Area, a high population density according to the US Census Bureau.
vidual non-trauma centers. Third, administrative data lack more granular details on clinical and physiological characteristics; therefore, some of the variation in transfer rates may be explained by unobserved differences in these variables. Fourth, we were unable using this data set to determine whether patients who were transferred had better outcomes compared with patients who were not transferred.
Conclusions
In summary, we found that insured, critically injured trauma patients are much less likely to be transferred out of nontrauma center EDs than uninsured trauma patients after adjusting for patient, injury, and hospital characteristics. Given that transfer to a trauma center has been shown to reduce mortality, these insured patients may be receiving suboptimal care. Our findings suggest that encounters for time-sensitive critical illness such as trauma should be monitored at the regional level using an episode of care approach to ensure the optimal regionalization of patients according to patient need regardless of ability to pay. To reduce transfer disparities, shared reimbursement schemes may be needed to offset the potential loss of reimbursement that non-trauma centers may experience in transferring rather than admitting insured trauma patients with critical injuries.
the confounding effects of older age and insurance coverage. That decision resulted in the removal of about one-fifth of all trauma patients, which has the potential to bias the data and outcomes. 3 Among those patients younger than 65 years but with Medicare coverage, the author found that many had disabilities and a much higher incidence of falls and severe head injuries. However, this same group had a disproportionate scarcity of motor vehicle crashes (only 5.2% vs 17.6%-31.9% for the other financial classes). Did that exclusion skew the data? We simply do not know. Third, were there significant drivers for admitting or transferring the patient other than financial status? There appeared to be a greater "risk" of admission vs transfer for patients with significant abdominal trauma (15.9%). Conversely, if patients had a severe head or neck injury, the risk of being transferred out rather than admitted was 13.2% higher. Therefore, it could be argued that general surgeons in these non-trauma center hospitals felt more comfortable or adept at handling abdominal trauma than head injuries. That is, clinical capability may have had a large role in transfer decisions. Or, could it be a workforce (capacity) issue? Did a scarcity of neurosurgeons willing to treat trauma patients at outlying hospitals influence transfers? 4 Last, teaching programs and the volume of patients in the ED also seemed to trump financial factors for the risk of being admitted: urban teaching hospitals' risk of admission was 26.2% compared with urban non-teaching hospitals. Therefore, it seems that the drivers of capability and capacity at the initial hospital tended to outweigh financial factors. Fourth, did the physicians and surgeons in the ED know the true status of a patient's insurance coverage when they made the decision to admit or transfer? The data analyzed by the authors were taken from the Healthcare Cost and Utilization Project and are composed of administrative data from hospital billing. Therefore, by the time the data were submitted by each hospital to the Healthcare Cost and Utilization Project, the financial status of the patient had been fully vetted and researched. It is a common observation that a patient's financial status listed at the time of injury on the ED medical record is often misleading or completely wrong. It often takes several days to determine the correct financial status of many patients. Therefore, if we assume that financial factors were major drivers of the decision to admit or transfer, then we also have to assume that those physicians and surgeons may have been at risk of making a "bad" decision based on incorrect financial information at the time of decision making.
Do financial factors have a role in how patients are treated and transferred about? Sure they do; there is no question about it. We have all seen examples of this. But, I believe that there were other factors in this study that had a greater influence on where trauma patients were treated. Going forward, I think those factors will become even more important drivers of treatment. We are already in the early stages of a dangerous surgeon shortage in America, and that shortage is most severe in nonmetropolitan hospitals. 5, 6 Therefore, it is likely that we will see increased transfers to urban and regional referral hospitals, not because of the financial status of the patient but due to surgeon shortages. It is also likely that this trend will increase as the baby boomer surgeons retire. Furthermore, the present study is based on 2009 data, but in the past few years we have also crossed the tipping point of employment vs private practice for American surgery. 7, 8 As more and more physicians and surgeons become employed and are compensated based on work performed (eg, relative value units of work) rather than collections, it will be interesting to see if that change in compensation will have any influence on the decisions to admit or transfer. 9 Finally, the effects of broadened insurance coverage under the Patient Protection and Affordable Care Act are likely to reduce the numbers of uninsured patients at some future point in time. Under these new compensation paradigms, patient financial status may only be of trifling interest. If the authors' conclusions are correct, we will see more patients at risk of admission and fewer transfers as surgeon employment and the Patient Protection and Affordable Care Act come into play. However, I suspect that patient injury factors combined with hospital capacity and capability factors will continue to trump the wallet biopsy when it comes time to either admit or transfer a given patient. I believe then, as now, that most decisions made in the heat of battle, down in the din and drama of the ED, will be made by physicians and surgeons who will in the final analysis try to do their best for the patient, regardless of the name printed in the ED financial status box.
